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The object of this thesis vras to attain an understanding of the causes
of coughing in patienrs who reported with this complaint to the
general practitioner in everyday practice.
B. MATERIAL
A sample growp of 168 coughers was raken from the total of 526
patients over 1.6 years of age, who reported as coughing patients in
the course of one year (with an interruption of a few weeks).
Since the literature fails to establish with certainty whether such
coughing complaints are always of infectious origin, we thought it
necessary to include in our investigation factors such as overstraining
or decompensation of the left heart, manifestations of an asthmatic
constitution, local bronchial stenoses and some other factors in
addition to causes such as virus infection and bacterial infection.
The conception of an asthmatic constitution, which often gives rise
to confusion and misunderstanding, is elucidated in detail in Chap-
ter  XI I .
The 168 patients were divided into three groups, viz: acwte, recurrent
and. cbronic cowgbing patients, in order to determine whether charac-
teristic differences in occurrence of the abovementioned affections
existed between these three groups.
In addition, a control growp of.90 non-coughing patients was selected
in order to establish whether there were demonstrable differences
in the occurrence of manifestations of an asthmatic constitution
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between non-coughing patients on the one hand, and acute, recurrent
and chronic coughing patients on the other.
The inves.tigation was preceded by a test period of tvro months.
C. METHODS
According to a previously determined schema, all patients were
questioned and examined (see "patient-card" in Chapter II).
I .  HISTORY
The history was taken with special reference to symptoms of in-
fection, cardiac affections and hypertension, manifestations of an
asthmatic constitution, both in the patient and in the immediate
relatives, and to the duration and frequency of coughing periods.
I I ,  PHYSICAL EXAMINATION
Details can be found in the patient-card in Chapter II.
III. X-RAY EXAMINATION
Fluoroscopic exarnination was carried out in all cases. In the case
of pathology this was repeated or the X-ray examination was
extended.
IV. GENERAL LABORATORY ËXAMINATION
The rectal temperature was registered in all cases at the beginning of
the investigation. Ir was impossible to keep a temperature chart of all
patients throughout the course of illness. The following determina-
tions were part of routine procedure: determination of the ESR, of
the haemoglobin concentration (Sicca), leucocyte count per cubic
mm., differential leucocyte count per 100 celis. The urine was tested
for albumin (boiling test), sugar (enzyme reaction by means of tes-
tape) and changes in sediment. The Mantoux tuberculin test was also
made (0.1 ml .  of  a 1:1000 solut ion was int racutaneously in jected,
and the reaction was read after 2 days). The circulation time was
determined only in the case of decompensation or suspected decom-
pensation. An ECG was obtained in a few of the cases.
V. SOME SPECIAL METHODS OF EXAMINATION
1. Sputum examination
Sputum analyses were made throughout the period under investiga-
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t ion (about twice w-eekly), with special reference to demonsrration
of bacterial infection (Mulder method, 1948) and eosinophile leuco-
cytes íChapter II, teqhnique): Cr-rlrures were made to verify de-
monstration of bacteria in Gram-stained specimens. Pneumococcus
pneunroniae, Flaemophilus influenzae and Staphylococcus aureus
were typed.
2. 7'esting the circulating capil lary blood t 'or eosinophile lewcocytes
This investisation (counting chamber method) was unforrunately
not made under basal conditions, although this would probably have
yielded more reiiable results (Veen'ng, 1958) (Cirapter II, method).
3. Állergen testing
These tests (cutaneous and intracutaneous) were n-rade with 5 allergen
extracts, and evaluated according to Ten Cate, 1,954 (Chapter II,
technique).
-1. Pulmonary t 'unction testing
This was confined to determination of the vital capacity, the one-
second value and the effect of adrenalin (0.3 ml. s.c.) and/or thia-
zinanridunr (0.025 S. i.m.) on these values. Reactions to histamine
and acetylcholine were - although important - unfortunately not
cletermined. Patients were examined under standard conditions, if
possible, during the acute phase. In many cases the examinations were
subsequently repeated (Chapter II, technique).
5. Serological cxamination
All serological tests were made ar leasr rwice, once at the beginning
of the investigation and once after 2-3 weeks, in order to establish
any rise in titre. The following serological reactions were included
in routine procedure: the complement fixation tests for influenza A
and B, for adenoviri-rs, Q-fever, psittacosis-ornithosis, lymphocytic
choriomeningitisl the agglutination and complernent f ixation rest for
Bang's disease, the cold agglutination test, 'W'assermann (VR) and
VDRL reactions. In the case of a positive \lR or VDRL reaction,
Nelson's treponema in-rmobil ization test was carried out. The Paul-
Bunnell reaction (after absorption of guineapig renal cells) was car-
ried out only if the clinical picture or rhe white blood picture
suggested infectious mononucleosis. The technique of cold agglutina-
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tion tests is discussed in detail. For the technique of the orher sero-
logical reactions I have referred to the relevant aurhors (Chaprer
VI I I ) .
D. CRITERIA USED AS A DIAGNOSTIC STARTING-POINT
The starting-point ï/as rhat the cowgb can be attribwtable to a nurn-
ber ot' t'actors including infection, decompensation of the left hearr,
manifestations of an asthmatic constitution, pulmonary embolism,
aspiration, tumour (primary or metastaric). It is generally not diff i-
cult to establish a causal relationship between the abovementioned
changes and the cough. The criteria used in deciding that some of
these affections are causal in a particular case, however, are not
always sharpiy defined, and it is not always easy ro establish the
existence of such an affection with certainty. The following criteria
were used:
I. CRITERIA OF INFECTION
1.. Bacterial int'ections: Smears and cultures of spllrum nor pre-
treated yield exceedingly varied and sometimes unreliable results,
as shown in the literature. \le regard the Mulder technique
(1948) of examining sputum samples as a reliable and reproducible
method. This could be generally verified by cultivation and typing.
The diagnosis of bacterial infections was based on this method.
2. Virws int'ections: The diagnosis was based on serological
findings. A fourfold rise in titre was generally required to assume a
virus infection. The criteria used in the serological diagnosis of in-
fluenza, adenovirus infection, ornithosis and other affections are
presented in Chapter VIII. The criteria used in diagnosing infections
with a positive cold agglutination - also based on personal obser-
vations - are elucidated in the same chapter.
3. Abacterial and indeterminate int'ections: Some respiratory af-
fections are described as abacterial and indeterminate. Various
arguments and a description of the symptomatology are presented
in Chapter VIII.
II. CRITERIA OF THE PRESENCE OF A CARDIAC COMPONENT
On the basis of the history, the physical findings (e.g. heart and blood
pressure), X-rays, circulation time, and ECG changes, a decision
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was made as to the existence of overstraining of the left heart and
cardíac decompensation (Chapter XIV).
III, CRITERIA OF MANIFESTATIONS OF AN ASTHMATIC CONSTITUTION
A definit ion is given of the conception of asthmatic constirution
(Chapter XII). Manifestations of this constitutional anomaly are
described, and their significance in the pathology of the respirarory
tract is pointed out (Orie; Israëls). According to this definit ion,
manifestations of this constitutional anomaly include both asthma
and asthmatic (eosinophil ic) bronchitis. In some cases this consti-
tutional anomall. was regarded as the primary cause of coughing,
and in other cases as a factor predisposing to a respiratory infection
which may lead to coughing.
It is sometimes exceedingly diff icult to decide whether or not an
asthmatic constitution is involved. The criteria (e.g. "allergic" per-
sonal and family history (Chapter III), dry rhonchi, sputum and
blood eosinophil ia, rate of expiration, effect of cirugs on vital capac-
ity and one-second value, reaction to allergens) were arranged in a
number of combinations which seemed to us to warrant the con-
clusion that an asthmatic constitution existed (Chapter XII).
E. ADDITIONAL DATA
The data on the history (Chapter III), the eosinophile leucocytes in
the blood (Chapter IX), the reactions to allergens (Chapter X) and
the ltrng function tests (Chapter XI) are separately described and
compared with those obtained in the control group. An analysis of
the results of physical examinations is also presented (Chapter V).
The number of patients who provided sputum was larger than the
group who showed auscultatory changes. Yet our patients included
a few coughers in whom rhonchi were audible although they failed
to exPectorate sputum.
A comparison of auscultatory and spirographic findings showed that,
in many cases, there were no defined auscultatory changes although
medication had an effect on the vital capacity or the one-second
value. Moist rhonchi as a rule proved to be an indication of infection
and facil i tated localization of the pathological process. In our group,
too, auscultatory changes proved to be unreliable in the diagnosis
of transient pulmonary opacities.
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Data obtained by nasopharyngeal examination, particularly of the
paranasal sinuses, seemed insufficiently reliable to be included among
the results available for interpretation (Chapter IV).
F. CONCLUSIONS
On the basis of the abovementioned criteria, the following NUMBER
OF PATIENTS \TITH BACTERIAL, VIRUS AND MIXED VIRUS-BACTERIAL
TNFECTToNS were diagnosed:
1. with virus infections with positive cold agglutination: 41, (20)
2.  wi th adenovi rus in fect ions:  2L (11)
3. with ornithosis: 4 ( 1)
4. with bacterial infections: 57 (29)
The number of patients with bacterial infections is given in
brackets behind the figures for virus infections, and vice versa.
It is probable that no cases of influenza, infectious mononucleosis
and infections with a transient positive syphil it ic reaction occurred
cl-rring the period of investigation.
Some patients showed more than one positive reaction.
In Chapter VII, a survey is presented of the variotis bacteria de-
monstrated in Grarn specimens and in cultures. The fiora found was
as a rule a simpie one, consisting chiefly of Gram-negative cocci 1as
a rule Neisseria catarrhalis), Gram-positive cocci with capsule
(Pneumococcus pneumoniae) or f ine Gram-negative rods (as a rule
Haemophilus influenzae), without very marked differences in the
frequency of occurrence. Staphylococcus alrreus, Streptococcus
haemolyticus, Klebsiella, Neisseria meningitidis and Bacil lus proteus
were seldom encountered (Table VII-1 and VII-2, Chapter VII).
Respiratory infections with Streptococcus viridans - often reported
in the l iterature - were not included in our series. In our opinion
they are nearly :r. lways based on a culture of insufficiently washed
sputum, so that these bacteria must be presumably regarded as a sa-
prophyte from the pharynx. The same holds true in many cases for
isolation of geasts or moulds (Orie, 1952), although they sometimes
grow as saprophyts in lungs with pre-existing lesions.
in diagnosing some virus infections, the serological criteria used could
not always be considered sufficiently diagnostic. The criterion for
the diagnosis of adenovirus infection was a titre Z 1, : 1,6 of the
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complement fixation test, with or without a fourfold rise in titre.
Lower titres, even in the case of a fourfold increase in the course of
i l lness, were interpreted as abacterial or indeterminate infections,
They are presented in separate tables (Chapter VIiI).
In some patients vre think the clinical evidence supports the serolo-
gical suggestion of the existence of rare cases of adenovirus infections
in adult civil ian patients. \íe encountered four patients with a well
defined clinical picture, who during the period of observation showed
a fourfold rise in titre without other serologicai results regarded as
positive, and without bacterial infections. There were no clearcut
indications of another aetiological agent in these cases. In other
cases we had some doubt as to the correctness of the diagnosis (adeno-
virus infectior-') on the basis of these seroiogical criteria.
The criterion of the existence of ornithosis seemed reliable in dia-
gnostic respect (Dekking, 1950). Since two coughers exclusively
showed a positive serology for ornithosis, without otirer positive in-
dications (serological or bacteriological), this diagnosis was made
with a considerabie degree of certainty in at least two cases.
The criterion of a virtrs infection with positive cold agglutination (a
titre of > 1. ; 32, preferably with a fourfold rise or fall in t itre) was
regarded as acceptable on the basis of personal observations. Cough-
ers with cold agglirtination threshold titres ( 1 t 32 with a fourfold
rise in titre were presented in separate tables on clinical grounds,
and included among the abacterial and indetenninate infections
(Chapter VIiI).
It has been pointed olrt that - in the case of more than one positive
serological reaction -- the possibil i ty of unspecific reactions besides
a mixed virr,rs infection was taken into accoLrnt. In some cases such
a correlation was highly probable; this accentuates the relativity of
specificity of the serological methods of diagnosis.






The question as to the extent to which the rise in temperature, a
high ESR, leucocytosis, polynuclear leucocytes in the sputum - used
as criteria in making the above diagnosis - can be regarded as in-
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dicating infection, cannot be answered with certainty on the basis
of these data.
NUMBER OF PATIENTS '\TITH CARDIAC FACTORS
Indications of a cardiac component andlor hypertension were found
in 20 patients. In 9 coughers with overstraining or decompensation
of the left heart, and in the remaining 11 without marked decompen-
sation, the results as to rhonchi, sputum infections and spirographic
changes were compared. In 6 of the 9 decompensated patients and
in only 3 of the 11 without marked decompensation, we found a bac-
terial respiratory infection. It would be desirable to repeat this
investigation on a larger scale in order to establish how often pul-
monary congestioll predisposes to a bacterial infection. Clinical ex-
perience is known to point in the direction that pulmonary congestion
predisposes to bacterial infection. \íe have also observed in practice
that some patients with pulmonary congestion initially expectorated
mucous sputum but subsequently green, i.e. bacterially infected spu-
tum. On the other hand respiratory infections are known sometimes
to lead to decompensation.
In contrast with the results given by'S7yss and Regli (1953), our
patients with definite pulmonary congestion showed no effect of
drugs on the vital capacïty and the one-second value unless they
had other manifestations of an asthmatic constitution.
NUMBER OF PATIENTS '\i7'ITH MANIFESTATION OF
CONSTITU'TION
\7ith regard to criteria of marked (A*) and
we refer to Chapter XII. Manifestations of an
were found in 75 patients (A* in 55 and A?
AN ASTHMATIC
less marked (A?) cases
asthmatic constitution
in 20 patients).
NUMBER OF PATIENTS \I'ITH OTHER ANOMALIES
In 9 patients we found chronic bronchial anomalies without de-
monstrable manifestations of an asthmatic condition. Three patients
had pulmonary tuberculosis, pulmonary metastases and lupus ery-
thematosus (embolism?), respectively, and one patient had local
bronchial stenosis (tumour) in addition to mixed virus-bacterial in-
fection. One patient, in addition to manifestations of an asthmatic
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constitution had a bacterial infection which may have been the result
of aspiration (anaesthesia). Nine coughers showed no objective
changes.
G. DISCUSSION (the possible cause of coughing in individual
patients)
In the case of vIRUS rNFEcrtoNs and puRELy BÀcrERrAL TNFECTToNS
there are generally no difficulties regarding the cause of the coughing.
Although we were generally inclined to regard the bacterial infections
as a sequela of predisposing components, there w.ere none the less
coughers in whom no such indications could be demonstrated. These
cases may conceivably have been involved in a primary bacterial
infection.
In the case of MrxED vrRUS-BACTERTAL TNFECTToNS we tend to regard
the virus as the pacemaker. During the influenza epidemic of 1957,
however, the frequency of bacterial infecdons in previously healthy
nurses was low. It is doubtful, therefore, whether this explanation
is sufficient in general.
DECOMPENSATTON F THE LEFT HEART can Of course be regarded as an
independent cause of coughing. Experience has shown, however,
that a bacterial infection is also involved in many cases.
It is obvious that an ASTHMATTc oNDrrroN canbe a cause of coughing.
There are indications that the asthmatic condition can either become
manifest following an infection, or exacerbates, or acts as a factor
predisposing to infection. On the other hand, asthmatic symptoms
have l'reen known to disappear as a result of an infection. \Thether
a respiratory infection may be of significance in the pathogenesis
of asthma in the constitutional sense (Tendeloo) cannot be established
with certainty; we tend to regard this as improbable.
The fact that the correlation betzaeen astbmatic constitwtion and
int'ection is not a coincidence becomes evident on the basis of an
overall estimate. The number of asthmatics and non-asthmadcs in
our practice was estimated. The number of asthmatics was estimated
on the basis of data presentedby Zuiderweg (direct communication),
who had in his practice an average of 5 oio of asthmatics in the age
groups above 16 years. The total number of patients over 76 years
of age in our practice was estimated also, and in this manner the
aumber of non-asthmatics and asthmatics over 16 years of .age was
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approximated. During this period of investigation, 25 0lo of the
estimated number of asthmatics and 3 0/o of the estimated number
of nón-asthmatics were treated in this practice for a respiratory
infection at least once (Chapter XII).
In 190lo of the 168 patients, no definite aetiological or predisposing
factor for the respiratory affections was found (abacterial or indeter-
minate infections without demonstrable predispositionz 23 patients;
obscure aetiology or no demonstrable objective changes: 9 patients).
(see graph C).
\íith a view to this large percentdge of cases in which the aetiology
of the at't'ection was ind.icated, it should be borne in mind that the
diagnosis of a number of cases recorded as virus disease is still subject
to doubt. This has been discussed in detail when dealing with the
interpretation of serologícal data. Even when this is borne in mind,
the percentage of positive diagnoses is remarkably large as compared
with the data from the literature. In our opinion this large percen-
tage is none the less factual; it can be explained on the basis of the
fact that this investigation not only regarded the significance of res-
piratory infections in the pathogenesis of respiratory conditions but
also allowed for manifestations of an asthmatic constitution, decom-
pensation of the left heart, chronic bronchial lesions without mani-
festations of an asthmatic constitution, and other causes (see graph A).
About B0 0/o of our patients showed indications of a (non-tubercul-
ous) respiratory infection (132 patients) (see graph A). In 89 of these
patients, a virus andlor bacterial infection was found probable on the
basis of serological and/or bacteriological dara (67 0lo) (see graph A).
i: In 43 of th9 I32 patients there was merely suspicion, these cases beingJ +  |  . . . -  rF classi{iffiabacteriai or indeterminate (33 0/o) (see graph A). In
54 o/olFthe cases of virus or bacterial infection, and in 47 0lo of the
cases of abacterial or indeterminate infection ,a predisposing t'actor
was found to be probable (see graph C).
For orientation, graph B gives a classification of virus, bacterial and
virus-bacterial infections in patients without demonstrable predispos-
ing factors.
Manifestations ol an asthmatic constitwtion were found in 44010 of
the 168 patients (see graph A). In l3olri of all coughers, this was
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probabiy the sole causc of coughing. In 30 0/o of all patients we found
in addition a respiratory infection (virus, bacterial) or a possible
respiratory infection (abacterial or indeterminate). Decompensation
of the left heart was found as a third component in 2 other patients
(see graph A).
The data show that the frequency of infections was much higher in
patients with an asthmatic constitution (40 0lo) than in those without
i3 0/o). The correlation between vii"us and bacterial infections (also
as regards the various types of bacteria) were not significantly dif-
ferent in the two groups; abacterial and indeterrninate infections
were of virtually equal frequency. It is impossible to interpret these
findings vzith certainty. The foilowing possibil i t ies, however, should
be taken into account: the asthmatic may more frequently seek
medical advice than the non-asthmatic, the asthmatic may have an
increased sLlsceptibil i ty to all the infections found, or he may be
subject to mecl.ranical influences or conditioning to both bacterial
and virus infections.
In the scope of this investigation, the significance oi ciecompensation
ot' the let't beart as a cause of respiratory affections must be given
a more modest place (see graph A). In 2 cases this may have been
the sole cause of coughing. In 5 other patients there was a respiratory
infection in addition, and in 2 other patients there were additional
manifestations of an asthrnatics constitution . Bronchial changes with-
owt manit 'estations ot' an astbmatics constitution were found in 50/o of
patients (lesions following tuberculosis, chronic bronchitis of un-
known origin) (see graph A). Local bronchial stenosis (1 patient),
aspiration (1 patient?) and pulmonary embolisrn (1 patient?) were
of no great significance in this group (see graph A).
A few remarks are due to the division into acwte, recu.rrent and
chronic coughing patients. In nearly ali chronic coughers with or
without infection, we were able to indicate another factor which
could be held (partly) responsible for the cough. In the group of
respiratory infections without definite predisposing factors, there
were only 2 chronic coughers (Chapter XV). This emphasizes that
cbronic cough is an indication par excelTence t'or an im.,estigation into
predisposirtg factors, Correlations were revealed both between an
asthmatic condition and infection, and between asthmatic condition
and chronic as well as recurrent cough (Chapter XII). Manifestations
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of an asthmatic constiturion were more frequent among chronic than
among recurrent coughers, and more frequent among recurrent than
among. acute coughers. A striking f".t *", th"t Àa.ry asthmatics
were also found among.the acute coughers. In some cases the respi_
ratory infection has led to either manifestation or exacerbation of
the asthnratic condition.
It should be pointed out that the distribwtion ot' tbe t'requency ot'tb^e conditions diagnosed is considerably influenc.a uy ,rr. pranning
of this investigation, by epidemiological facrors and'probJbry alsoby the limitations of diagnostic possiLilities on this field.
The survey was designed in such a manner that each patient could
only be included once among the sample cases, and Àly *hen he
reported for the first time (chapter I). In this manner'the group
of coughers investigated included a relatively larger numb", of"".ur.
coughers rhan recurrent and chronic coughers. TÀe diagnostic survey
of the coughers under investigation, th-e.efore, do", 
".rot 
correctly
refiect the amount of trouble that the general practitioner must take
with patients suffering from chronic respiratory diseases.
If the investigation had been made a yi^, luti, _ i.e. during the
asiatic 
,influe'za epidemic of r957/\95g - the resuhs *o.rii of
course have been completely different. In some cases we were abre
to include the results of 1957 in our considerations.
The improved knowledge of virus diseases in the future will doubtless
lead to further changes in the relative findings described. No reliable
information on the significance and symptomatology of present orfuture virus infections, however, wili be obtairreJ when^ it is not
tried to distinguish between the effects (and its prerequisits) of virus
infections, superimposed bacterial infections 
""a 
rn. coáplicating
constitutional reactions.
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